Spontaneous bacterial peritonitis (SBP) is a severe complication of decompensated cirrhosis, and the inhospital mortality for SBP ranges from 21.3% to 37%.\[[@ref1][@ref2][@ref3]\] Bacterial translocation is the major cause of SBP; therefore, no intra-abdominal source of infection can be found.\[[@ref4][@ref5]\] Ascites culture is the gold standard for SBP diagnosis, and a high ascites polymorphonuclear leukocyte (PMN) count is accepted as an early indicator of SBP.\[[@ref6][@ref7]\] An ascites PMN count ≥250/mm^3^ is considered to indicate empirical antibiotic therapy based on the current guidelines.\[[@ref6][@ref7]\] However, in clinical practice, this standard may lead to misdiagnosis in certain cases.

Symptomatic bacterascites (SB) is a variant of SBP with signs of infection but an ascites PMN count \<250/mm^3^, and it can be only confirmed by a positive ascites culture.\[[@ref8][@ref9]\] SB is common in clinical practice accounting for 63% of SBP episodes and leads to a high mortality rate of 48.4%.\[[@ref8]\] According to current guideline,\[[@ref6]\] SB should be treated with antibiotics. Therefore, early detection of SB is important for both patients and physicians. Apparently, the threshold of ascites PMN count mentioned above is not useful for the diagnosis of SB, and ascites culture always takes several days;\[[@ref10]\] therefore, it is difficult to diagnose SB as soon as it appears.

To date, early indicators for SB have not been determined. Although reagent strips have been tested for detecting SB, the results are unsatisfactory.\[[@ref9]\] The current guideline suggests that patients with ascites PMN counts \<250/mm^3^ and signs of infection should be treated with antibiotics while awaiting culture results,\[[@ref7]\] which can be considered as management for SB. However, the "signs of infection" include several clinical manifestations only and no objective laboratory indices; therefore, this strategy would be implemented subjectively, leading to the abuse of antibiotics or delays in treatment. Worse still, ascites infection can manifest as diarrhea, hepatic encephalopathy, renal inadequacy, gastrointestinal hemorrhage, or other symptoms.\[[@ref6]\] These different manifestations seem unrelated to ascites infection, which makes SB difficult to be detected in time. Therefore, we aim to create a quick screening model for the early detection of patients with SB using a retrospective case--control study.

MATERIALS AND METHODS {#sec1-1}
=====================

Study population {#sec2-1}
----------------

We performed a retrospective, two-center and case--control study in which inpatients with cirrhotic ascites at the First Affiliated Hospital of Nanchang University and the Infectious Disease Hospital of Nanchang University were enrolled between January 2010 and December 2014. The diagnosis of cirrhosis was based on clinical, laboratory, and imaging findings.\[[@ref11]\] Ascites was confirmed by abdominal paracentesis.

Diagnostic criteria {#sec2-2}
-------------------

According to previous researches,\[[@ref8][@ref9]\] the diagnosis of SB was based on a positive ascitic fluid culture in association with an ascites PMN count \<250/mm^3^ and suspicious signs of SBP. As described in the guidelines (American Association for the Study of Liver Diseases and European Association for the Study of the Liver),\[[@ref6][@ref7]\] suspicious signs of SBP included local symptoms and/or signs of peritonitis (eg, abdominal pain, abdominal tenderness, vomiting, diarrhea, and ileus), signs of systemic inflammation (eg, hyper- or hypothermia, chills, peripheral leukocytosis, tachycardia, and/or tachypnea), worsening of liver function, hepatic encephalopathy, shock, renal failure, gastrointestinal bleeding, and acidosis.

Case and control group definitions {#sec2-3}
----------------------------------

Subjects of the case group met the following criteria: (1) Patients with SB; (2) no antibiotics were administered in the two weeks prior to the presentation of SB; and (3) no intra-abdominal or extra-abdominal source of infection. Subjects of the control group met the following criteria: (1) Patients without any infection; (2) no antibiotics were administered in the two weeks prior to be enrolled; (3) PMN count \< 250/mm^3^ in an ascites sample, which was also negative for bacteria; and (4) discharged with improved condition including remission of symptoms, significant ascites reduction and stabilization, and improved blood biochemical indices without antibiotic treatment.

The infection mentioned above was defined by the necessity of antibiotic intervention. To achieve a patient sample as representative as possible of the actual clinical situation, no exclusion criteria regarding concurrent diseases or nonantibiotic treatments were implemented.

Data collection {#sec2-4}
---------------

General information and candidate indicators of SB were reviewed. The former included gender, age, concurrent diseases, liver cancer, and cirrhosis etiology, and the latter included life signs (body temperature, heart rate, respiratory rate, systolic blood pressure, and diastolic blood pressure), local signs (abdominal pain, abdominal tenderness, abdominal rebound pain, vomiting, diarrhea, and ileus), clinical events (chills, shock, hepatic encephalopathy and gastrointestinal bleeding), hematological indices (white blood cell count, neutrophil percentage, prothrombin time and levels of alanine aminotransferase, aspartate aminotransferase, total bilirubin, albumin, bicarbonate, urea nitrogen, and creatinine), and ascites examination (nucleated leukocyte count, polymorphonuclear leukocyte count, and percentage of polymorphonuclear leukocytes). Candidate indicators were chosen based on the description of suspicious signs of SBP in the guidelines\[[@ref6][@ref7]\] and clinical judgment. Child--Pugh scores\[[@ref12]\] were calculated and classified.

Candidate indicators were gathered on the day when ascites samples were collected for the control and case groups but before antibiotic administration for the case group. If the indicators were repeatedly measured, only the first measurements were recorded. If a patient experienced more than one event that met the inclusion criteria, only data for the first event were included in the analysis.

Statistical analysis {#sec2-5}
--------------------

Quantitative variables that were normally distributed are expressed as mean ± SD, and those that were abnormally distributed are expressed as (median \[interquartile range\]) (M \[IQR\]). The quantitative variables were compared using the *t*-test or the rank sum test. Qualitative variables were expressed as percentages and compared using the Chi-square test or Fisher\'s exact test. Binary logistic regression was used for the multivariate analysis. A screening model for SB was created from the candidate indicators that were significant in the multivariate analysis. To reduce the risk for overfitting the screening model, it was stated that the ratio of candidate variables to the number of observed events should be 1:5 or less, in final model.\[[@ref13]\] The model was assessed using a receiver operating characteristics (ROC) curve that was applied to all patients in the current study. The cutoff value that resulted in the highest Youden\'s index was chosen as the optimal cutoff value. Significance was established at *P* \< 0.05. Data analysis was performed using SPSS 19.0 software. As this study was exploratory in design, sample size and power of the test were not estimated formally.

RESULTS {#sec1-2}
=======

Patient characteristics {#sec2-6}
-----------------------

The clinical features of the patients are reported in [Table 1](#T1){ref-type="table"}. A total of 307 patients (65 from the First Affiliated Hospital of Nanchang University and 242 from the Infectious Disease Hospital of Nanchang University) were enrolled and then divided into the case group (103 patients) and the control group (204 patients). There were more male than female patients (74.8% vs. 25.2% and 71.1% vs. 28.9% for the case and control groups, respectively), and the most common etiology of cirrhosis was hepatitis B in both groups (75.7% vs. 71.1%). Differences in gender, age, concurrent diseases, presence of liver cancer, and etiology of cirrhosis between the two groups were not significant (*P* \> 0.05). Child--Pugh score and class were significantly different between the two groups (*P* \< 0.05).

###### 

Clinical features of patients in both groups
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Univariate analysis of candidate indicators for symptomatic bacterascites {#sec2-7}
-------------------------------------------------------------------------

The candidate indicators of SB are outlined in \[Tables [2](#T2){ref-type="table"} and [3](#T3){ref-type="table"}\], which show that the incidences of abdominal pain, abdominal tenderness, and abdominal rebound pain were significantly higher in the SB patients than in the controls (13.6% vs. 3.4%, 46.6% vs. 5.9%, and 34% vs. 2.5%, respectively, *P* \< 0.001). Although the ascites nucleated leukocyte count and PMN count of the SB patients were low, their median values were still significantly higher than those of the control group (200 vs. 100 and 70.3 vs. 24, respectively, *P* \< 0.001). Other significant candidate indicators were body temperature, chills, hepatic encephalopathy, white blood cell count, blood neutrophil percentage, blood total bilirubin, prothrombin time, blood urea nitrogen, blood creatinine, and ascites polymorphonuclear leukocyte percentage (*P* ≤ 0.002). No patients experienced shock or ileus during this study.

###### 

Univariate analysis of candidate indicators for symptomatic bacterascites
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Univariate analysis of candidate indicators for symptomatic bacterascites
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Multivariate analysis of candidate indicators for symptomatic bacterascites {#sec2-8}
---------------------------------------------------------------------------

Indicators that were significant in the univariate analysis were further examined by multivariate analysis, and the results are shown in [Table 4](#T4){ref-type="table"}. Body temperature, abdominal tenderness (yes = 1, no = 0), blood neutrophil percentage, blood total bilirubin, prothrombin time, and ascites nucleated leukocyte count were significantly related to SB (*P* \< 0.05).

###### 

Multivariate analysis of candidate indicators for symptomatic bacterascites

![](SJG-22-282-g004)

Construction and assessment of screening model for symptomatic bacterascites {#sec2-9}
----------------------------------------------------------------------------

The screening score (SS) of SB for individual patients can be calculated by combining the values of six indicators with the regression coefficients reported in [Table 4](#T4){ref-type="table"} as follows: SS = exp (logit (SS))/ (1 + exp (logit (SS))), where logit (SS) = −50.325 + 1.09 × body temperature + 2.103 × abdominal tenderness (yes = 1, no = 0) +0.048 × blood neutrophil percentage + 0.008 × blood total bilirubin + 0.069 × prothrombin time + 0.013 × ascites nucleated leukocyte count. For example, for a hypothetical patient with a body temperature of 37.9°C, abdominal tenderness, blood neutrophil percentage of 60.6%, blood total bilirubin of 28.1μmol/L, prothrombin time of 16.4 seconds and ascites nucleated leukocyte count of 260/mm^3^, the SS would be calculated as follows: Logit (SS) = −50.325 + 1.09 × 37.9 + 2.103 × 1 + 0.048 × 60.6 + 0.008 × 28.1 + 0.069 × 16.4 + 0.013 × 260 = 0.734; SS = exp (0.734)/ (1 + exp (0.734)) = 0.676.

The screening scores of all patients enrolled in this study were calculated. A ROC curve for this screening model was constructed, and the area under the curve (AUC) was 0.939 (\[95% CI, 0.908--0.970\], *P* \< 0.001, [Figure 1](#F1){ref-type="fig"}). According to the maximum Youden\'s index, the optimal cutoff value of SS was 0.328, and it had a sensitivity of 86.4% and a specificity of 92.2%.

![Receiver operating characteristic curve of the screening model for symptomatic bacterascites. Note: X-axis, 1-specificity; Y-axis, sensitivity; dashed line, reference line; solid curve, receiver operating characteristic curve of the screening model for symptomatic bacterascites, with an area under the curve was 0.939 (\[95% confidence interval, 0.908--0.970\], *P* \< 0.001)](SJG-22-282-g005){#F1}

DISCUSSION {#sec1-3}
==========

Ascites PMN count, ascitic fluid lactoferrin, serum procalcitonin, and other indicators have been reported to be useful for the early diagnosis of SBP.\[[@ref6][@ref14][@ref15]\] However, these methods were all tested in patients with ascites PMN counts ≥250/mm^3^; thus, whether they are suitable for the screening of SB is still unknown. Ascites bacteria can be quickly detected by identification of bacterial 16S rRNA and by Raman spectroscopy,\[[@ref16][@ref17]\] which seem to be good techniques for diagnosing SB. Regrettably, these techniques are not recommended by the current guidelines.\[[@ref6][@ref7]\] In the absence of effective indicators or means, the model generated in this study, with integrated factors including clinical manifestations and laboratory examinations for the screening of SB, would be useful.

According to a previous study, abdominal tenderness is common in patients with SBP.\[[@ref18]\] Wallerstedt *et al*. concluded that paying particular attention to abdominal tenderness may be the best way to become aware of the possible development of SBP.\[[@ref19]\] In this study, as a binary variable, abdominal tenderness had a large odds ratio, suggesting that positive abdominal signs are reliable indicators of SB when other effective indicators are not available. Presumably, abdominal rebound tenderness is also an important indicator of SB in clinical practice; however, it was not included in this model.

It has been reported that most patients with SBP have elevated body temperature.\[[@ref18]\] Similarly, in this study, among the continuous variables included in the model, body temperature had the largest odds ratio, which indicates that increased temperature is a powerful indicator of ascites infection. As a special pathophysiological characteristic, hypersplenism is common in decompensated liver cirrhosis and occurs with a low baseline of white blood cell count, which may not exceed the upper limit of normal even under stimulation by bacterial infection.\[[@ref20][@ref21]\] This finding can mislead physicians attempting to determine whether infection is present; therefore, the blood neutrophil percentage, which is minimally impacted by hypersplenism, was recommended as a good substitute for white blood cell count in this study for the detection of infection.

Because an ascites PMN count cutoff value of ≥250/mm^3^ is not capable of identifying SB, the ascites PMN count was not used in our screening model and was replaced by the ascites nucleated leukocyte count. In addition, Link *et al*. reported that an ascites nucleated leukocyte count lower than 1000/mm^3^ was unlikely to indicate SBP, with a negative predictive value of 95.5%.\[[@ref22]\] Therefore, we hypothesize that it is feasible to determine an ascites nucleated leukocyte count cutoff value for the early detection of SB.

Generally, abnormal blood total bilirubin and prothrombin time values have not been regarded as direct indicators of SBP but rather as results or risk factors for SBP.\[[@ref23]\] However, these two indices were included in our screening model, as they were found to be significant indicators of SB in this study. A possible explanation may be that whether antibiotic treatment is warranted partially depends on the extent of liver function damage, and patients of suspected SB with worsening liver function cannot afford a fatal strike resulting from a missed diagnosis or delayed treatment. In other words, antibiotics should be used more readily in particular situations, such as when liver function deteriorates rapidly without an explicit cause.

Gastrointestinal bleeding is not exclusive to SB and was rejected by the univariate analysis in this study. Nevertheless, the current guideline suggests that patients with cirrhosis that are experiencing gastrointestinal bleeding should be treated with short-term (maximum 7 days) antibiotic prophylaxis (Class I, Level A) regardless of whether they have a bacterial infection.\[[@ref12]\] So cirrhotic patients with suspected SB and gastrointestinal bleeding should receive antibiotic therapy directly.

CONCLUSION {#sec1-4}
==========

We identified several convenient indicators and developed a screening model for SB. Patients with suspected SB can be quickly screened according to the developed model, and a screening score ≥0.328 may be considered to indicate SB. Further studies are needed to validate this screening model and its rationality.
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